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The block copolymers of styrene and ethyl α-cyanocinnamate (CZE) were prepared in dioxane and 
xylene with TEMPO-capped polystyrene (PSTEMPO) as macroinitiator. The copolymerizations 
were carried out at 125 °C and 135 °C. The reactivity ratios were determined according to Kelen 
Tüdos and compared with the reactivity ratios from the radical copolymerization of styrene and 
CZE determined by KOHN et al.[1] The influence of the comonomer CZE on the glass transition 
temperature was studied in comparison to the corresponding homopolystyrene. 
The experimental investigations showed that a controlled polymerization of styrene with low 
concentrations of CZE up to 30 % conversion is possible. However at higher concentrations of CZE 
the reaction is dominated of abort reactions. The suggested reaction mechanism orients itself at the 
controlled radical polymerization of macroinitiators with methacrylate examined by BURGUIÈRE 
et al.[2]. The best reaction conditions for the controlled radical polymerization of CZE and styrene 
were found at 125 °C in dioxane. By increasing the temperature from 125 °C to 135 °C a clear 
increasing of the reaction rate can be observed, but also an increasing of the abort reactions. Due to 
the abort reaction it is only possible to synthesize block copolymers with copolymer block length of 
Mn = 10,000 g/mol. To reduce the abort reaction we compensate the lower thermal initiation of 
styrene in dioxane by adding various concentrations of dicumyle peroxide. These investigations 
show that the conversion for the controlled radical polymerization could be increased, but it is not 
possible to suppress the abort reactions in the copolymer system. In case of 8 mmol/L DCP the 
polydispersity increased up to Pd = 1.8 at conversions above 50 %. 
Ethyl α-cyanocinnamate affects the glass transition temperature of polystyrene in high degree 
but these experimental data are clearly below those from KOHN et al.[1] with the same copolymer 
composition. Whether diblock copolymers from polystyrene and PSt-b-P(St-co-CZE) polymers 
show a phase separation, could not be clarified. The experimental data of the first heating rate 
suggest that these block copolymers gives a microphase separation. In order to reach a microphase 
separation of the diblock copolymers, it would be necessary to increase the ratio of CZE in the 
block copolymer and the copolymer block length.  
The reactivity ratios r1 (styrene) and r2 (ethyl α-cyanocinnamate) were calculated by the 
improved scheme proposed by Kelen Tüdos. We found reactivity ratios of r1 = 0.47 and r2 = 0 for 
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the N-Oxyle-controlled radical copolymerization from styrene and ethyl α-cyanocinnamate. This 
stands in good agreement to the values described by KOHN et al.[1] of r1 = 0.51 and r2 = 0 for the 
radical polymerization. 
  
Diblock, triblock and gradient block copolymers of styrene and butyl acrylate were synthesized by 
the N-Oxyle-controlled radical polymerization in bulk. Earlier differential scanning calorimetry 
investigations of diblock copolymers of styrene and butyl acrylate permitted the conclusion that a 
number average molecular weight of Mn = 50,000 g/mol results in microphase separation.[3]. 
In the first step we have synthesized a macroinitiator of Mn = 20,000 g/mol and in the second 
step we synthesized a copolymer block of styrene and butyl acrylate with different compositions 
and a block length of 30,000 g/mol. The resulting diblock copolymers of Mn = 50,000 g/mol were 
examined by differential scanning calorimetry and rheological measurements. The experimental 
data was compared with the characteristics of statistic copolymers of identical composition. 
Suitable diblock copolymers were examined by TEM-measurements for their morphology. 
Additionally we have synthesized symmetric triblock copolymers from suitable TEMPO-terminated 
diblock copolymers by following styrene polymerization in bulk. These triblock copolymers were 
examined with differential calorimetr, rheologic characteristics and their morphology. The influence 
of the butyl acrylate on the polystyrene block is discussed. Further - in a following reaction step - 
we have synthesized gradient block copolymers with block numbers of 3 and 4 on the basis of 
suitable diblock copolymers The synthesized gradient block copolymers were compared with the 
characteristics and morphology of diblock copolymers with identical composition. 
All the reactions showed that the TEMPO-controlled radical polymerization is a suitable method 
for the synthesis of diblock and triblock copolymers made of styrene and butylacrylate. On the basis 
of TEMPO-terminated polystyrene it was also possible to synthesize gradient block copolymers 
with high molar masses up to Mn = 100,000 g/mol. Investigations with the diblock copolymers 
showed clearly that there is no microphase separation at molecular masses of the block copolymers 
above Mn = 40,000 g/mol and low amounts of butyl acrylate in the copolymer block. For diblock 
copolymers with higher butyl acrylate amounts of more than 50 mol% in the copolymer block and 
molar masses of above Mn = 50,000 g/mol a clear phase formation can not be observed. All triblock 
copolymers with block length of Mn = 80,000 g/mol - 100,000 g/mol showed clearly two glass 
transition temperatures, which cannot be assigned to the expected polymer blocks. This concern to 
block copolymers with no clearly microphase separation. Also it was not possible to observe a clear 
microphase separation with TEM. 
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The gradient block copolymer (n = 3) with a molecular mass of Mn = 85,000 g/mol behaves in 
its physical characteristics as a diblock copolymer with identical composition. The number of 
blocks does not influence the glass transition temperatures. The gradient block copolymer (n = 4) 
with a molecular mass of Mn = 120,000 g/mol differs clearly from the diblock copolymer and the 
gradient block copolymer with n = 3 and the same compositions of styrene and butyl acrylate. The 
glass transition temperatures shows that a microphase separation does not take place at the 
individual blocks, but maybe in the center of the gradient copolymer. Although no microphase 
separation could be proven at the gradient block copolymer (n = 4) above number average of 
Mn = 120,000 g/mol. General, in this case it is possible that these block copolymers of the type A-
AB give no microphase separation in hence that the monomer A in the copolymer block AB is a 
mediator to the homopolymer block of A. 
 
Comb and brush polymers are predominantly synthesized with macromonomers. Normally, 
macromonomers are synthesized by anionic polymerization with a transforming and/or termination 
reaction at the end.[4] The synthesis of macromonomers with the N-Oxyle-controlled polymerization 
is not thoroughly described in the literature. In this work we synthesized macromonomers on the 
basis of OH-TEMPO-capped polystyrenes in a polymerization reaction with methacrylates and in 
the presence of a small amount of OH-TEMPO. The MALDI-TOF-analysis was used for the 
characterization of these macromonomers. The macromonomers were used for homopolymerization 
to synthesize brush-like polymers and for copolymerization with styrene, methyl methacrylate, 
butyl methacrylate, butyl acrylate and maleic anhydride to synthesize comb-like polymers. The aim 
of these investigations was to find a simple approach to comb and brush polymers. 
The experimental data showed that the controlled radical polymerization of OH-TEMPO 
terminated macroinitiators with methyl methacrylate, ethyl methacrylate, butyl methacrylate, benzyl 
methacrylate and ethylene glycol methacrylate is a suitable method to synthesize polystyrene 
methacrylate macromonomers. Elemental- and MALDI-ToF investigations shows that the chain 
transfer reaction, which leads to the formation of the macromonomers, is not only influenced by the 
admitted concentration of the OH-TEMPO, also the reaction is influenced by the size of the used 
methacrylates.. 
Experiments accomplished by TSUKAHARA et al.[5] showed that the homopolymerization of 
macromonomers in solution is only possible with high macromonomer concentrations. For 
homopolymerizations we carried out experiments in a range of 10 ma% to 90 ma% 
macromonomers of PSt-b-MMA-MM, PSt-b-EMA-MM, PSt-b-BuMA-MM and PSt-b-BzMA-MM 
in toluene at 60 °C. The experimental SEC data of the homopolymerization show that the molecular 
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masses of the products are almost constant remaining identical to those of the educts. Also, the 
polydispersities are almost constant. On the basis of the homopolymerization investigations we 
have used a bifunctional methacrylate (EGdMA) for the synthesis of macromonomers. Due to the 
substantially smaller α-substituent this macromonomer could be used successful for 
homopolymerization. Problems during the homopolymerization were cross-linking reactions, which 
might result from the insertion of more than one EGdMA unit into the macromonomer. Best 
reaction conditions could be determined with 60 ma% macromonomer in toluene. In order to 
examine the influence of the macromonomer size during the homopolymerization we synthesized 
macromonomers with molecular masses of 2,000 g/mol, 5,000 g/mol, 10,000 g/mol, 15,000 g/mol, 
20,000 g/mol, 25,000 g/mol and 30,000 g/mol. From these results it can be concluded that cross-
linking is favored by lower molecular weights and will be suppressed at macromonomers with 
higher molecular masses. Further we found that the higher the molecular weight of the 
macromonomer the lower is the conversion of the macromonomers. So we can assume that with 
increasing macromonomer size the homopolymerization is more suppressed. 
 To reduce the functional units in the macromonomer we have increased the OH-TEMPO-
concentration during the macromonomer synthesis. These macromonomers could be used 
successful for homopolymerization experiments without any cross-linking reactions. 
For the radical copolymerization of the macromonomers we used methyl methacrylate, butyl 
methacrylate, butyl acrylate, styrene and maleic anhydride. For the copolymerization with styrene 
we found a conversion of the macromonomers of 40 %, with methyl methacrylate of 16 %. The 
copolymerization of the macromonomers with butyl methacrylate and butyl acrylate yielded only to 
very little conversions. For the copolymerization of the macromonomers with maleic anhydride we 
found no copolymerization products. 
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